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INTRODUCTION
Reconfigurable antennas have received a great deal of attention for their applications in wireless communications in
recent years. They can be used for changing the operation frequency [1]-[6] or changing the radiation pattern [7]-[9]. In
[1] a reconfigurable microstrip antenna was designed by placing MEMS series switches at the radiating edge. The series
switches connect extra sections of transmission line to the microstrip antenna, thereby lowering its resonant frequency.
In [2] a micromachined membrane was used as the ground plane below the microstrip patch antenna to design a
frequency-agile patch antenna. In [3] a square patch antenna with switchable slots was proposed for dual band circular
polarization operation. A dual band dipole using series MEMS switches was presented in [4] and a dual band
reconfigurable Yagi antenna in [5]. A single-fed resonant slot, loaded with a series of PIN diodes switches, was
designed in [6]. In [7] it was shown that by using RF switches the radiation pattern of the Hilbert curve fractal antenna
could be made adaptively reconfigurable and also resonance frequency of the antenna was tunable by using the
switches. In [8] a beam-switched Rhombic antenna was proposed. In [9] a reconfigurable single turn square microstrip
spiral antenna was presented which can be reconfigurable in radiation pattern and frequency.
This paper introduces a reconfigurable printed dipole antenna to select one of several frequency bands, which cover a
wide frequency range. Due to wideband coverage of these frequency bands, selecting only one of the frequency bands
at each time can make difficulties, if the higher order modes are taken into account. In fact, when the antenna operates
at lower frequency bands the higher order modes can be matched at higher frequencies and this is not desired. To
eliminate the higher order modes the use of a harmonic trap is proposed in this paper. It is experimentally shown that by
using switches and harmonic traps, a reconfigurable printed dipole antenna can be designed to select several frequency
bands, which cover a wide frequency range.
HARMONIC TRAP
In this section higher order modes elimination by using harmonic trap is explained. Fig. 1 shows the top and backside of
a printed dipole antenna and its schematic. The antenna is fed by a tapered balun, which is a transition between a 50Ω
microstrip line to a 72Ω parallel strip transmission line connected to the antenna. The tapered ground has a length of
64mm and a maximum width of 64mm at the beginning of microstrip line and the minimum width of 3mm at the
parallel strip lines. The width of the microstrip line is 3mm. The length of each dipole arm is 64mm and its width is
1.5mm. The antenna is printed on the both sides of a 1.6mm thick FR4 substrate with the permittivity of 4.5 and fed
through a 50Ω SMA connector. Fig. 1d shows its measured return loss. As it can be seen, the antenna has a good
matching at the fundamental mode, 900MHz, and the third harmonic, 2.7GHz. To eliminate the third harmonic an open
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at the frequency of 3f0 can be used. Fig. 2 shows the antenna with the harmonic trap
4
and its schematic to eliminate the third harmonic. The length of the open circuit stub is 21mm. Fig. 3 shows the
measured return loss of the printed dipole antenna with harmonic trap. To make a comparison the measured return loss
of the printed dipole without harmonic trap is also shown in Fig. 3. As it depicted in Fig. 3 the third harmonic has been
eliminated. In fact, the open circuit stub at the frequency of 3f0 shorts the antenna.

circuit stub with the length of
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Fig. 1- printed dipole antenna, a) schematic, b) topside, c) backside, d) measured return loss
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Fig. 2- printed dipole antenna with harmonic trap, a) schematic, b) topside, c) backside

Fig. 3- measured return loss of the printed dipole with and without harmonic trap
RECONFIGURABLE PRINTED DIPOLE ANTENNA DESIGN
A reconfigurable printed dipole antenna was designed and fabricated based on the concept of the harmonic trap. All of
the dimensions are the same as the printed dipole antenna discussed in the previous section. The switches were assumed
ideal and the open and closed states of the switches were modelled with the absence or presence of a metal pad whose
area is 1mm ×1.5mm . The antenna is designed to select one of the seven frequency bands, so it needs six switches on
each dipole arm. In order to fabricate the reconfigurable antenna six metal pads are placed on each dipole arm so that
seven dipoles with the lengths of 128mm, 110mm, 90mm, 74mm, 60mm, 50mm and 38mm can be obtained by
removing the metal pads (one metal pad for the second band, two metal pads for the third band,… and six metal pads
should be removed for the seventh band). A metal pad is also considered to switch the length of the trap from 21mm for
the lowest band to 18mm for the second band. The overall operation frequency band is from 800MHz to 3 GHz in this
paper and the third harmonic of the third frequency band and higher bands are at the higher than 3GHz which is above
the overall operation band. So for the third and higher bands the harmonic trap can be switched off. However for a
wider overall frequency band, where the higher order harmonics fall inside the overall band, more switches are needed
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Fig. 4- measured return losses of the reconfigurable printed dipole for selecting seven frequency bands
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Fig. 5-measured radiation patterns of reconfigurable printed dipole at the resonance frequency of the bands in
E-plane, solid line is co-polarization and dashed line is cross-polarization.
to shorten the harmonic trap. Fig. 4 shows the measured return loss of the reconfigurable printed dipole antenna with
harmonic trap. It can be observed that the third harmonic of the lower bands, such as the first and second band, are
eliminated by using harmonic trap, so in this case the antenna selects only one of the frequency bands each time.
The radiation patterns of the antenna were measured at the resonance frequencies of the selectable frequency bands. Fig.
5a shows the measured radiation patterns in E-plane for the first, third, fifth and the seventh band and Fig. 5b shows the
patterns in H-plane. As it can be seen from the Fig. 5, nulls occur at the higher frequency bands especially at the seventh
band in E-plane. This degradation is believed to be due to the tapered ground plane. The tapered ground plane acts as a
reflector and can degrade the radiation pattern. It is worse for the higher frequency bands where the tapered ground size
is larger in comparison with operating wavelength.
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Fig. 6- measured radiation patterns of reconfigurable printed dipole at the resonance frequency of the bands in
H-plane, solid line is co-polarization and dashed line is cross-polarization.
CONCLUSION
The concept of using harmonic trap to eliminate higher order modes in reconfigurable frequency band antennas is
proposed. A reconfigurable printed dipole antenna with harmonic trap to select seven frequency bands covering 3:1
overall operation bandwidth was designed, fabricated and measured. The results show that the fabricated antenna with
harmonic trap can select one of the lower frequency bands without selecting the higher frequency bands by eliminating
higher order modes.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

R. Simons, D. Chun, and L.P.B. Katehi, “Micromechanical system actuators for antenna reconfigurability”,
IEEE MTT-S, pp. 215-218, 2001.
R. Al-Dahleh, C. Shafai, and L. Shafai, “Frecuency-Agile Microstrip Patch Antenna Using a Reconfigurable
MEMS Ground Plane”, Microwave and Optical Technology Letters / Vol. 43, No. 1, pp.64-67, October 5 2004.
F. Yang and Y. Rahmat-samii, “A single Layer Dual Band Circularly Polarized Microstrip Antenna for GPS
Applications”, 0-7803-7330-8/02$17.00 © 2002 IEEE, pp. 720-723
J. kiriazi, H. Ghali, H. Ragaie and H. Haddara, “Reconfigurable Dualband Dipole Antenna on Silicon Using
Series MEMS Switches”, 0-7803-7846-6/03/$17.00 © 2003 IEEE pp.403-406.
P. F. Wahid, M. A. Ali and B. C. DeLoach, “ A Reconfigurable Yagi Antenna for Wireless Communications”,
Microwave and Optical Technology Letters / Vol. 38, No. 2, pp.140-141, July 20 2003.
D. Peroulis, K. Sarabandi, L. P. B. Katehi,” Design of Reconfigurable Slot Antennas”, IEEE Trans. On
Antennas and Propagat., Vol. 53, No. 2, pp. 645-654, February 2005
K. J. Vinoy and V. K. Varadan, “ Design of Reconfigurable fractal antennas and RF-MEMS for Space-based
systems”, Institute of Physics Publishing, Smart Material and Structures, pp. 1211-1223, 2001.
V. F. Fusco and R. Li, “ Beam-Switched Rhombic Antenna”, Microwave and Optical Technology Letters / Vol.
29, No. 2, pp.84-86, April 20 2001.
G. H. Huff, J. Feng, S. Zhang, J. T. Bernhard, “ A Novel Radiation Pattern and Frequency Reconfigurable
Single Turn Square Spiral Microstrip Antenna”, IEEE Microwave and Wireless Components Letters, Vol. 13,
No. 2, pp. 57-59 February 2003.

191

